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ABSTRACT 
Themickel and chrorn~urn were deposited on mild steel substrate from the conventional electroplating 
baths to 3 p  and 6 p  respectively. Aluminium oxlde was meposited with nickel to improve the corrosion 
resistance properties, alter annealing. The annealed and nonannealed deposits were examined in 
Scanning Electron Miaoscope (S E M) and the hardness values were also determined. The change in 
potential of the annealed specimen in 3% NaCl was also assessed. 
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NTRODUCTION 
I t is well known that electroplating is the nxmt common method for applying metallic coatings, like chromium and nickel. However such 
:eating, often undergo cracking 111, due to the tensile stresses induced on 
the surface during plating. Heat treatment like stress or vacuum 121 
mnealing, sometimes improves, the coaQng performance and enhances the 
bonding between the coating and the substrate. Studies [3] have revealed 
that diffusion annealing of porous chromium plated mild steel specimens 
improve the corrosion resistant characteristics. 
In this paper, the authors have studied the aspect of diffusion of nickel 
and chromium coating, deposited from the conventional electroplating 
baths. Particulate material, like alumina (Alz03), were codeposited with the 
nickel undercoating to improve the corrosion resistant properties after 
annealing. The galvanic relationship among mild steel, nickel and chpmium 
helps to protect the mild steel surface by the dissolution of nickel, which is 
anodic to chromium overcoat. Such coating [4] possess high corrosion 
resistance and have good adhesion to the substrate. Subsequent annealing 
treatment is to improve the bond strength of the coating and reduce the 
tensile residual stresses from the coated substrates and finally form an inter- 
diffusional alloy layer. The coating thickness of Ni and Cr on mild steel 
substrate, may be controlled, so as to obtain an interface of nickel-chromium 
and iron after annealing. Diffusion coating produced as such revealed high 
corrosion resistance. Moreover the nickel content of the coating has been 
brought down from the usual 25-30pm to 3p'm level. It was reported in 
literature that optimum corrosion resistance, had been obtained from a 
combination of 25pm nickel and 0.1 to 0.2 pm Cr. 
EXPERIMENTAL 
Electrodeposition 
The following preplating sequence was followed : 
(1) Solvent degreasing with trichloroethylene 
(2) Electro cleaning in a solution of sodium hydroxide, (35 gpl) and sodium 
carbonate (25 gpl) at 70°C, at a current density of 70 A/  m2, cathodically 
for 2 minutes and anodically for 1 minute. 
(3) Washing well in running tap water. 
(4) Dipping in 5% (by volume) H2S04 acid for 10 seconds. 
For all experiments, a 500 ml capacity bath was used, with cylindrical 
anode and specially designed attachment for the cathode. 
Nickel plating was conducted using the conventional watts bath, as shown 
below: 
Nickel sulfate 300 gpl 
Nickel chloride -60 
Boric acid 40 gpl 
Sodium lauryl sulphate 0.1 gpl 
Temperature 30" - 32OC 
Cumnt  density 3 A/  sq.m. 
A 1 n 3  (250 mesh - size) 3- 18 gpl 
c. Chromium +ling 
Conventional chromic acid bath had been employed for chromium plating 
over the nickel undercoat as shown below: 
Chromic acid (CrO3) 
Sulphuric acid (1.8 sp.gr) 300 gpl 2.5 gpl 
Temperature 50°C 
Current density 14.5 Alsq. m. 
Cylindrical lead anode 
Details of rnneding 
. The plated specimens have been annealed in vacuum furnace for a period of 
1 hour at a temperature of 1000"C - 1 100°C and a pressure of 5 x lo-' tom. 
Properties of electrodeposita 
(4) Physical Propnties 
The thicknesses of the electrodeposited specimens, were measured nith a 
pencil type magnetic thickness meter at 6 or 7 points on the specimen and the 
average value was taken. 
Hardness was determined with the help of Rockwell testing machine and 
reported in BHN scale. 
Fig. 1.  k i  + Cr. No A1203 In Watt's bath and no anneallng 
coating th~ikness 10 pm 
I 
I i:. - ,: . .  --  I; ,, ,". 
' 9 1 -  
FIQ 2 NI + Cr, 9 gpl AllOj In Watl s bath and I I G  annealing, coat~rig 
thickness 1Opm 
-- 
Fig.3. bli + Cr, 9 gpl A1203 in Watt's bath and na anneallng, coating thickness 20pm 
- - I 
Fig.A. N I  t Cr. 18 gpl AIz03 in Walt's bath and no anneal~ng, F1g.5. Ni + Cr. 18 go1 AI~OJ r f l ~a l i s  bath and no anneal~ny, 
coating thickness lOf i rn  coaling thickness 30Fm Details of the SE M Photographs 
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SEM micropphs have been taken from the 1% nital etched specimens at 
~ f i c a t i o n a ,  1 0 )  X. 1000 X and 3000 X. 
h r i d  va rime data waa obtained with reference to S C E  in 3% NaCl 
dution udng a micro-voltmeter. 
RESULTS AND DISCUSSION 
It ia  rm from Table I. that nickel-chromium is not bright after annealing in 
air and a muimum nickel coating of 2.8 pm is used for obtaining uniform 
c d n g .  Moreover the ratio of the coating thickness and depth of 
w o n ,  before and after annealing decreased with increaae in nickel 
hya t h i c k  indicating better diffusion, after annealing for the coatings 
having higher nickel thickness. 
T a b  I :  The properties of nlckelchromium coating deposited on mild 
r C . 1  md dlffuwd in d r  
Coating 0.7 Ni 1.4 Ni 2.1 Ni 2.8 Ni 
thickneaa + + + + 
pl.ted (pm) 6.0 Cr 6.0 Cr 6.0 Cr 6 Cr 
After annealing 
Depth of 22 45 
penetmtion (pm) 
Viaual 
enuni. 
nation 
Oxidized Oxidized Uniform Uniform 
and and coating. coating. 
cracked cracked Edges Edges 
coating coating affected affected. 
No more No more 
bright bright 
Ratio of coating 
thickneaa and 
depth of penetra- 
tion before and 
after annealing 
Table I1 shows the effect of Alz03 in the nickel chromium coating 
deposited on M S and diffused in vacuum. The specimens appear dull bright 
after vacuum annealing. The ratio of the coating thickness and the depth of 
penetration, before and after annealing, also reveal a decreaaing trend, with 
increaae in the alumina (A1103) content in the 'nickel coating. It indicates 
that diffusion is more after incorporation of Nf13 particulates in the 
coating. This may be attributed to the cracking of the nickel coating, by the 
oxide particulates, resulting in better intermixing and diffusion of 
chromium. 
The hardness value increases from Rockwell superficial Hardness 45 to 
51 due to the incorporation of the N z 0 3  particulates and decmasea to 40-4 I 
after annealing. 
Table 111 reveals the potential vs time for the coated and annealed 
specimens in 3% N C I  vs S C E. It is seen that the annealed specimens 
without Alz03 incorporation in the nickekunder layer, reveal more negative 
potential'than those incorporated with Alz03. The specimen, with 18 gpl 
A1203 in the bath reveals more positive potential than that of 9 gpl in the 
solution after 24 hourn exposure. However, both specimens behaved 
identically after 360 hourn exposure. 
Table I1 : The effect of A1203 In nickelchromlum deposited on M. S. and 
diffused in vacuum 
- 
Before annealing 
Coating 3.0 Ni 3.1 Ni 3.2 Ni 3.3 Ni 
thickness + + + + 
(pm) 6.0 Cr 6.0 Cr 6.0 Cr 6.0 Cr 
N203 in 3.0 6.0. 9.0 18.0 
Watts bath 
(gpl) 
After annealing 
- 
Depth of 10 17 20 30 
Visual Lightly Dull Bright Bright 
examination tarnished bright 
appe-ce 
Ratio of coating 0.90 0.54 0.46 0.31 
thicknds and 
depth of penetra- 
tion before,and 
after annealing 
Table 111 : Potentld vd time for the coated and annealed specimens In 3% 
NaCl with reference to S C E  
Coating Potential in mV. with different periods of 
system time in 3% NaCl aolution with reference to 
SCE 
Thickness Initial 1112 24 216 36) 
(pm) hr hr hr hr 
1 .28pmNi+  -3.00 -3.00 -180 -350 -400 
6pm Cr 
(A1203 - Nil) 
2. 2.8pm Ni + -1.00 -0.10 -170 -220 -250 
6 /;m ~r 
A 2 0 3  
in wattr bath) 
3 .2 .8pmNi+ -1.00 -0.11 - 7 0  -220 -250 
6 pm Cr 
(l8gpl- 
A1203 in 
watts bath 
S E M Photographs. Fig. 1 to Fig. 5 show that the coating thickness is not 
affected by Nz03 incorporation in nickel-matrix. However, annealingof this 
coating, resultr in the substantial depth of penetration of the coating. For the 
9 gpl incorporated specimen, the depth of penetration increaaes from 10 pm 
to 20 pm after annealing, while for the 18 gpl A1203 incorporated specimen, 
the depth otpmettation is very high from 30 pm to 100 pm in some places. 
The depth haa been meaaured by comparing it with 10 p line given under 
each photopph.  This indicates that annealing results in increase of the 
depth of penetration, through diffusion at elevated temperature. Particulate 
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materials like AlzOs enhance such alloy formation. York, (1974). p 1 18-123, 13.5 and 287 
CONCLUSION 
In conclusion, the authors observe that incorporation of Alz03 particulates 
in the nickel coating, improves the corrosion resistance of the surface, after 
annealing. The hardness of the A1203 incorporated surface increases slightly 
and the depth of penetration of the coating is also increased after annealing. 
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RUST FUEVENTING CoMm$moN 
( h p h a t i n g  Jell$ 
hocrr devekped at Central E k t r o c k n k J  Reaearch Institute, b ra ikud i  - 623006, Tamil Nadu, India 
(Indian Patent No  : 1OS897) 
It is a common practice to phosphate steel structure after removing rust and scale to prwent the structure from re-rusting before 
painting to promote good adhesion of paint and to  increase paint life. Rerusting of steel structures usually takes place during the period 
between removal of rust and scale and painting unless pretreatments like phosphating are resorted to. 
In  the use of erected steel structures which are being derusted at site or in  the shop by sandor shot blasting, flame cleaning or by the 
use of rust and scale removing jelly, it is convenient to  use a phosphating jdly which can be brushed o n  the surface like paintings. 
PROCESS DEVELOPED 
A formulation for the manufature of phosphating jelly from cheaply and abundantly available indigenous raw material has been 
developed. The jelly is based on plant carbohydrates and plant proteins, a cheap alkali metal phosphate cheap mineral acid and a very 
small amount of commonly used fungicide. 
SPECIFIC ADVANTAGES 
3 Jelly can be applied with a fibre brush. 
b) It does not run off the surface on application. 
c) The active substance remains i n  contact with the metal surface for the period required. 
d) The jelly can be washed off the surface with running water or by wiping with wet cloth. 
e) Cost of jelly is very little. 
The jdly has applications for all types of steel structures e.6 rolling stocks such as vehicle, railway wagons, coaches, etc., and 
stationary structures such as bridges, sheds, etc. 
RAW MAlERlALS 
Rant carbohydrate, plant protein, alkali metal phosphate mineral acids and fungicide are the main raw maiwials needed i n  the 
process. All are available indigenously. 
PLANT & MACHINERY 
The essential items of plant and machinery are: i) Gkss lined reactor anchor type agitator iii) Water Pumps 
iD  Boiler i coohng tower / 
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